Nationally Determined Contributions (NDCs) under the Paris Agreement
and the costs of delayed action
Current country-level commitments under the Paris Agreement fall short of
putting the world on a required trajectory to stay below a 2oC temperature
increase compared to pre-industrial levels by the end of the century. Therefore,
the timing of increased ambition is hugely important and as such this paper
analyses the impact of both the short and long-term goals of the Paris Agreement
on global emissions and economic growth. Using the hybrid TIAM-UCL-MSA
model we consider the achievement of a 2oC target against a baseline of the
Nationally Determined Contributions (NDCs) while also considering the timing
of increased ambition of the NDCs by 2030 and the impacts of cost reductions of
key low-carbon technologies. We find that the rate of emissions reduction
ambition required between 2030 and 2050 is almost double when the NDCs are
achieved but not ratcheted up until 2030, and leads to lower levels of economic
growth throughout the rest of the century. However, if action is taken immediately
and is accompanied by increasingly rapid low-carbon technology cost reductions,
then there is almost no difference in GDP compared to the path suggested by the
current NDC commitments.
Key policy insights
-

Delaying the additional action needed to achieve the 2oC target until 2030 is
shown to require twice the rate of emissions reductions between 2030 and 2050.

-

Total cumulative GDP over the century is lower when additional action is delayed
to 2030 and therefore has an overall negative impact on the economy, even
without including climate change damages.

-

Increased ratcheting of the NDC commitments should therefore be undertaken
sooner rather than later, starting in conjunction with the 2023 Global Stocktake.

-

Early action combined with cost reductions in key renewable energy technologies
can reduce GDP losses to minimal levels (<1%).

-

A 2oC future with technological advancements is clearly possible for a similar
cost as a 3.3oC world without these advances, but with lower damages and losses
from climate change.
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Introduction
The 2015 Paris Agreement, adopted at the 21st Conference of the Parties (COP21) to the United
Nations Framework Convention on Climate Change (UNFCCC) is built upon Nationally
Determined Contributions (NDCs)i submitted by countries in the run-up to, and after, COP21.
These constitute a starting point from which national policies can be developed to meet the
goal of the Paris Agreement, to hold
“the increase in the global average temperature to well below 2°C above preindustrial levels” and pursue “efforts to limit the temperature increase to 1.5°C”
(UNFCCC, 2015a).
The NDCs form part of a more bottom-up paradigm for international climate
negotiations, involving voluntary commitments. Previously the negotiation process had been
of a more top-down nature with a defined split between the Annex I and Non-Annex I parties
– essentially developed and developing nations – accompanied by legally binding targets under
the Kyoto Protocol. For the first time, the new process under the Paris Agreement includes
voluntary commitments from all major global emitters, both developed and developing,
including the US, China and India. However, its long term success will depend on the ambition
of NDCs being strengthened in the future, and a verification mechanism providing robust
scrutiny.
In this paper, we use a global integrated assessment model (TIAM-UCL-MSA) to
consider the NDCs as the baseline and assess the impacts of failure to ratchet up ambition,
including the additional effort required to reach the 2oC target. We assess what additional
mitigation is required beyond the current NDC commitments, by when, and what the economic
impacts would be. This is important in the context of the Global Stocktake in 2023 with this
paper providing a method of assessment of the timing and costs of such action.

A range of papers have considered the impact of delayed action, assuming a
continuation of the current emission trend out to 2020 or 2030 before re-orientating towards a
pathway of 2oC after 2030 (Bosetti et al., 2009; Jakob et al., 2012; Keppo & Rao, 2007;
Admiraal et al., 2016; Rogelj et al., 2016; Gambhir et al, 2017; van Soest et al. 2017; Heuberger
et al, 2018; Strefler et al. 2018). This change leaves carbon-intensive capital stocks ‘stranded’
and increases the costs of meeting emissions targets, with losses approximately doubling, in
terms of percentage of GDP, compared to taking mitigation action immediately. However, after
the Paris Agreement, comparing costs to a situation in which there is essentially no strict
climate policy, and therefore little policy-driven decarbonisation is undertaken, is no longer
realistic.
It is therefore informative to consider the impact of NDCs in order to update the new
policy baseline. A range of papers provide such assessments (Admiraal et al., 2015; Boyd et
al, 2015; Ekholm & Lindroos, 2015; Fawcett et al., 2015; Kitous & Keramidas, 2015; Rogelj
et al., 2016; Spencer & Pierfederici, 2015; Vandyck et al, 2016; van Soest et al, 2017), the key
features of which are summarised in Table 1. These studies entail a range of assumptions
concerning the continuation of the ambition shown in the NDCs post-2030, and suggest
emission reductions that put the average global temperature increase in the range of 2.7 and
3.7oC by 2100.

Table 1. Summary of NDC assessments reviewed

The majority of studies put GHG emissions in 2030 in the range of 50-56 GtCO2e,
which is at similar levels to current emissions of 53.5 GtCO2e (UNEP, 2018). The ranges
produced in the different analyses reflect the conditional and unconditional elements of targets
set out in NDCs, with conditional targets (at the low end of the emission range) based on all

countries meeting their most ambitious targets.ii UNFCCC (2015b) estimates emissions to be
higher, between 53.1 to 58.6 Gt CO2e. Boyd et al. (2015) has a central range of 52.8 and 56.6
Gt CO2e, but a scenario with more optimistic national GDP projections widens the range, with
a high estimate of 61 GtCO2e. The recent UNEP (2018) emissions gap report puts 2030
emissions in a similar range (53-56 Gt CO2e), depending upon conditional vs. unconditional
NDCs, resulting in a 2100 temperature increase of 3.0-3.2oC. This is against the 2oC path of 40
Gt CO2e in 2030, with the 1.5oC path at around 24 Gt CO2e, for a median estimate of a 66%
chance of achieving the temperature.
Fawcett et al. (2015) use the GCAM model to assess the impact of the NDCs on
temperature goals. The Paris Continued Ambition scenario, where the emissions trajectory
reduces at the same rate as during the NDC period, would lead to a 2-3oC rise in temperature
by the end of the century with a probability around 50%.
Rogelj et al. (2016) find that unconditional NDCs result in around 55 Gt CO2e (52-58
the 10th to 90th percentile range) in 2030, and 2.4 (1.2-4.8) Gt CO2e lower under the conditional
commitments. Global average temperature increases are estimated at 2.9oC (3.2oC) by 2100
with a 50% (66%) probability for the unconditional NDCs, and 2.7oC (3.0oC) under conditional
targets. Van Soest et al. (2017) consider NDCs and delayed action using the IMAGE model
framework and project emissions of 50 Gt CO2e in 2030.
In addition to estimating the impact of NDCs on the 2030 emissions level, a number of
the assessments consider the economic impact. Vandyck et al. (2016) update the earlier POLES
analysis (Kitous & Keramidas, 2015), and use a GEM-E3 global computable equilibrium
model to also assess macro-economic impacts. Comparing a NDC and 2oC case, with 2030
emissions at 55 and 48 Gt CO2e respectively, against a reference case (63 Gt CO2e), they
estimate global GDP losses in 2030 of around 0.42% and 0.72%.

Hof et al. (2017) use the IMAGE model to estimate costs of meeting NDCs, with 2030
emissions estimated at 49.4-54.6 Gt CO2e. They estimate abatement costs are three times lower
for the conditional NDCs (lower end of the 2030 emission range) than a 2oC pathway.
Here we build upon these previous studies and add to the literature in an important way.
We focus on the economic implications of a delay in ratcheting up the ambition of the current
commitments in terms of GDP change, when compared directly to the NDC pathway (not
compared to a current policy or no action scenario, as is often undertaken). The other main
study that focuses on GDP change is Vandyck et al. (2016) which does so from a one-way link
from a partial equilibrium energy simulation model (JRC-POLES) to a Computable General
Equilibrium model (JRC-GEM-E3). Here we add to the debate by providing the results of a
hard-linked economic analysis, which includes endogenous demand change in the energy
system. We therefore consider how a delay in action until 2030 increases the technological
difficulty and cost of achieving the 2oC target and therefore evaluate the potential benefits of
increasing ambition sooner rather than later. We also consider how falling renewable
technology costs may well offset the negative GDP impacts of achieving 2 oC when compared
to previous assumptions.

Methods
To assess the impacts of delay in ratcheting up NDC ambition to pathways consistent with 2oC,
we use the TIMES Integrated Assessment Model, TIAM-UCL, a global technology-explicit
optimisation model which maximises total societal welfare (Bauer, McGlade, Hilaire, & Ekins,
2018; McGlade & Ekins, 2015; Price & Keppo, 2017; Pye et al., 2016). TIAM-UCL models
all global primary energy sources across 16 geographical regions, such as coal, oil, gas, nuclear,
renewables and biomass, from resource extraction through conversion and finally to their enduse demand in five energy-using sectors: agriculture, transport, industry, households, and

services. The energy demands are exogenously determined through GDP, population and other
drivers. The model is generally run with the assumption of perfect foresight iii and uses a hardlinked climate module, calibrated to MAGICC, to compute the impact of GHG emissions on
global mean surface temperature. Net negative accounting is permitted in the model, while the
annual bioenergy resource potential in this analysis is 200 EJ from 2050, which is in line with
other integrated assessment models (IAMs) (Bauer et al., 2017; Rogelj et al., 2018). Further
information can be found in the model documentation (Anandarajah, Pye, Usher, Kesicki, &
Mcglade, 2011).
This article is the first instance of TIAM-UCL that considers general equilibrium
effects, demand responses and potential regional GDP loss for a range of 2oC trajectory futures
relative to the NDCs. This is achieved by hard-linking TIAM-UCL to a simplified general
equilibrium non-linear macroeconomic growth model Macro Stand-Alone (MSA) (Kypreos &
Lehtila, 2013). See Figures A2 and A3 in the Supplementary Information for a brief overview
of differences between TIAM-UCL with and without MSA. The benefits of such model linking
are discussed in De Carolis et al. (2017)
A number of scenarios have been modelled to explore the impacts of delayed ratcheting
up, and are listed in Table 2. The model baseline ‘NDC’ includes national mitigation
commitments to 2030, followed by no further increase in the level of policy ambition i.e. an
assumption of constant GHG emissions per GDP/capita (see Table A2 in Supplementary
Information for further details as well as Figures A7 and A8 which explore an alternative
baseline assumption). Different 2oC target scenarios are then compared against this NDC
baseline, varying in terms of both the date from which the targets are pursued, and different
assumptions regarding technology diffusion and reductions of costs. For all scenarios, a
discount rate of 3.5% is applied.

Table 2. TIAM-UCL-MSA scenarios

In the NDC scenario, the targets of 146 submitted NDCs are included in the scenario,
the development of which is further described in the Supplementary Information. Such NDC
targets have been aggregated to the regional definitions used in TIAM-UCL-MSA.
Using the climate module, the 2DS scenario requires the modelled temperature increase
to be below 2oC in 2100, and remain at this level thereafter. However, overshoot is permitted,
meaning that it is possible for the temperature increase to go above 2oC and then decline by the
end of the century. The range given by Rogelj et al. (2016b) suggests that for a 66% chance of
achieving the 2oC budget it should be between 590 and 1,240 Gt CO2 during the period 2015
to 2100. We check our results against this.
Non-CO2 gases in TIAM-UCL-MSA are modelled exogenously using the assumptions
of the representative concentration pathway from the RCP 2.6 scenario (van Vuuren et al.,
2011) taken from the IIASA RCP database 2.0. TIAM-UCL-MSA cannot achieve the 1.5oC
target by 2100 with the standard set of model assumptions i.e. without a backstop technology,
and so we do not include a scenario for 1.5oC in this analysis. See (Ekins et al. 2017) for a
discussion of negative emissions and backstop technology using TIAM-UCL without MSA.
The DA2030 scenario has the same assumptions and targets as the 2DS scenario except
that the initial period over which the model is fixed to the NDC baseline is extended by ten
years. Therefore the pathway towards the 2oC objective only starts from 2030, with ambition
limited to that point to reflect current NDC commitments.iv A more rapid reduction in emissions
is then required than would have been the case had the ratcheting up process started earlier.
We have omitted a scenario for 2025 delay as it did not provide any further insight beyond the
findings of the van Soest et al (2017) bridge scenario.

In the 2DS-TECH and DA2030-TECH scenarios, we assume that costs are cheaper for
certain key technologies, in particular solar PV and wind (see Supplementary Information for
details). These cost reductions are assumed to come about as a result of the increased
deployment of these technologies and learning-by-doing. However, these reductions are
exogenous and no costs have been included for any policies or R&D spending that might
actually be required. Therefore, there is a delay in investment in these technologies until the
costs have reduced. In the baseline, there are also exogenous cost reductions in many nascent
technologies, although these tend to be relatively conservative (see Supplementary Information
for more details).

Results
Here we present model outputs, including emission trajectories, the macroeconomic effects of
the energy system transition, and the resultant electricity system for the various scenarios listed
above.
Emissions
Our analysis of the effect of the current NDC baseline, plus an assumption of (at a minimum)
continued GHG emissions per GDP/capita beyond 2030, suggests that the global temperature
increase by the end of the century is around 3.3oC. For the 2oC scenarios, in terms of aggregate
GHG reductions between 2030 and 2050, the 2DS scenario entails a reduction rate of 1.6% a
year while DA2030 sees substantially more stringent reductions of 2.6% per year. These annual
average emissions reduction results are roughly in keeping with the UNFCCC (2015b)
synthesis report, which concludes that between 2030 and 2050, total GHG emissions are
required to reduce at 3.3% (2.7–3.9) per year when action is only taken beyond the NDC period
(i.e. after 2030), and yet when starting from 2010 or 2020, the reduction required is a much
lower 1.6% (0.6–2.2) per year.

Since TIAM-UCL-MSA has a main focus on energy system-related emissions we
provide more detail on CO2 emissions. Our global cumulative carbon budget in each of the 2oC
emissions reduction scenario falls between 910-930 Gt CO2 which is within the range stated in
Rogelj et al. (2016b). Global CO2 emissions to 2080 are shown in Figure 1 for the various
scenarios. These results provide an indication of the necessary level and rate of emission
reduction depending on the delay in moving to a 2°C pathway. Global CO2 emissions in the
NDC baseline are 36.7 Gt in 2030, growing 6% overall from 2010 levels in TIAM-UCL-MSA.
However, between 2020 and 2030 in the 2DS and 2DS-TECH scenarios (where mitigation is
ratcheted up in 2020), CO2 emissions need to reduce at a rate of 4.1% and 3.9% per year,
respectively.
Figure 1. Global CO2 emissions to 2080 (Gt)

In terms of delayed action, in the DA2030 scenario, global net CO2 emissions are
required to fall at around 6.1% per year between 2030 and 2050, while the reduction rate is
only 3.5% per year in the 2DS scenario, showing that almost twice the extra effort is required
annually if action is delayed by 10 years. Both delayed scenarios require global net negative
CO2 emissions by 2065 while the non-delay scenarios require net-negative emissions about
five years later in 2070. These are all consistent with the necessity for net zero-carbon in the
second half of the century, and eventually net CO2 removal from the atmosphere.
Economy
The percentage change in the global GDP level for each of the scenarios compared against the
NDC baseline is shown in Figure 2 (a). The most significant GDP loss occurs for the DA2030
scenario as, although delaying action is beneficial in the short-term, by the middle of the
century total GDP is 5% lower than the NDC level. The large losses from DA2030 show the
higher negative impacts from a longer delay, and that ratcheting up NDC ambition is beneficial

in reducing losses. Interestingly, the 2DS-TECH scenario reaches a level of GDP in 2045 less
than 1% lower than the NDC baseline and continues to stay above that level thereafter, showing
the important role that technological development and falling costs of renewables can play in
achieving long-term targets at minimal cost. Support from policymakers to continue reducing
technology costs can therefore have significant effects in removing cost barriers to action,
therefore speeding up mitigation while minimizing or removing impacts on economic growth.
A 2oC future with technological advancements is clearly possible for a similar cost as a 3.3oC
world without these advances, but with lower damages and losses from climate change (which
are not modelled here). For instance, the cumulative GDP of 2DS-TECH is only 0.5% lower
than the cumulative GDP of NDC baseline, whereas the 2DS scenario is 5.3% lower overall.
Even in the delayed scenarios there is a significant level of GDP loss offset through lower
technology costs as DA2030-TECH has 2% lower GDP cumulatively over the model horizon.

Figure 2. (a) Global GDP % change compared against NDC, (b) GDP level, (c) Annual
global GDP growth rate

These results show that there are some reductions in rates of economic growth due to
mitigation in all scenarios before 2050. In particular, delaying action makes the economy worse
off compared to non-delay scenarios over the entire model period, as shown in Figure 2 (b) and
(c), which give the global GDP levels and growth rates, respectively, for each of the scenarios
over the 2015-2080 timeframe. Crucially, there is still strong economic growth in all the
scenarios over the whole model period when achieving 2oC, although the results will differ by
region (see Figure 3, Figure A5 and Figure A6 for regional differences). Between 2030 and
2035, global GDP growth in the NDC baseline is still above 3% a year as is 2DS-TECH, albeit
slightly lower. However, all other scenarios have a growth rate slightly below 3%. In 2050,

GDP in the best instance (2DS-TECH) grows at 2.8%, faster than the NDC baseline at 2.7%
per annum while the slowest growth, at 2.5%, is in the DA2030 case.
In fact, between 2045 and 2060 the 2DS-TECH scenario has a higher GDP growth rate
than the NDC case, showing that fast-reducing technology costs could help achieve the
necessary emissions reductions while roughly providing no net change to the global economy
over the timeframe of the analysis. The GDP growth rate in the DA2030-TECH case becomes
higher from 2050 onwards and broadly matches the NDC growth rate thereafter.
Overall, the discounted energy system costs are lower in DA2030 than in 2DS by about
0.4%, although a lower discount rate would change this dynamic somewhat (Admiraal et al.
2016). However, the lower mitigation costs are due to a smaller energy system as final energy
consumption is lower than in 2DS throughout the century after 2035. Therefore, total
cumulative GDP is also lower overall, by 1.3%, in DA2030 than in 2DS showing that delay
has an overall negative impact on the economy. This validates the iterative approach of using
a framework where endogenous demand and GDP change are included. Figure 3 compares the
regional GDP losses of DA2030 against those of 2DS. Unsurprisingly, the majority of regions
are better off before 2030 under the DA2030. However, thereafter, the level of mitigation
required increases significantly the negative economic impacts of mitigation. Large fossil fuel
consumers and producers such as China, the Former Soviet Union region, and the Middle East
all have losses of around 8% of GDP in 2050 and these grow in 2070 to 10% for China and
12% for the Former Soviet Union region. Further regional economic comparisons are presented
in the Supplementary Information.

Figure 3. Regional GDP change in DA2030 against 2DS

Electricity generation
Given the importance of the power generation technology assumptions in reducing negative
GDP impacts, we show in more detail here the implications of these assumptions on the
electricity system. The assumptions are discussed in greater detail in the Supplementary
Information. The overall level of electricity generation grows between each period due to
model assumptions about rising energy service demands driven by economic growth and
population; however, these differ by scenario (see Figure 4).
The NDC baseline has a higher level of total electricity generation in 2030 than 2DS or
2DS-TECH. The main difference in electricity mix between the scenarios in 2030 is that
unabated coal generation contributes to 29% of generation in the NDC baseline but only 6%
and 7% in 2DS and 2DS-TECH, although gas plays a similar role in all instances. In the NDC
baseline, by 2030 there is little penetration of wind and solar globally, with about 6.5% of
generation combined, whereas these are 12% and 17% of generation in the 2DS and 2DSTECH scenarios.v
Figure 4. Electricity generation (EJ) in 2030, 2050 and 2080

However, by 2050 and 2080, the overall levels of electricity generation increase more
in the 2oC scenarios because greater levels of electrification are required throughout the energy
system, and particularly so in the transport sector, to achieve the decarbonisation objective.
In 2050 solar provides about 9% of generation in the NDC baseline. For 2DS and 2DSTECH solar power contributes 17% and 26% of total electricity generation. Wind technologies
also play a more significant role by 2050 accounting for 10% and 15% in in 2DS and 2DSTECH, respectively.

In the long-run, by 2080 global electricity production doubles again for the 2oC
scenarios compared to 2050. In both 2DS and 2DS-TECH, solar technologies play a significant
role in electricity generation, amounting to 33% and 38%, respectively.

Discussion
This study assumes that the NDC commitments are the baseline to which any near-term action
(or non-action) and the longer term Paris goals should be compared. However, there is
considerable uncertainty around any assumptions. Our analysis suggests that continued
ambition at the same level as the current NDCs would lead to a global average temperature
increase by 2100 of close to 3.3oC, over double the 1.5oC aspiration of the Paris Agreement.
This temperature and the global emissions in the model, at around 51.1 Gt CO2e, are roughly
in line with other estimates of the NDCs in 2030. (van Soest et al. 2017; Rogelj et al. 2016;
Hof et al. 2017). However, in the Supplementary Information, we provide comparison to an
alternative baseline (NDC-ALT), where more emissions reduction action is taken by regions
post-2030 leading to a temperature change of 3.1oC in 2100, and we provide details of how this
different assumption affects the results for CO2 emissions and GDP in Figures A7 and A8,
respectively.
Large uncertainties exist around the costs of delaying action. Admiraal et al. (2016) do
not consider endogenous GDP effects but do find that the annual mitigation costs are around
1-2% of global GDP. Van Soest et al. (2017) also find higher cumulative abatement costs of
18% over the period 2010-2100 when action is delayed until 2030 instead of 2020, however
there is no endogenous demand change here. An interesting alternative approach, in further
analysis, may be to explore the implications of delay through a more explorative approach,
including temperature goal exceedance.

Reductions in assumed future technology costs make a significant difference to the
macro-economic impacts of achieving the 2oC temperature target in the Paris Agreement. In
particular, we find in this accelerated technology instance that achieving a 2oC target incurs a
less than one percent difference (<1%) in global GDP in the second half of the century
compared to the NDC scenario, where renewables costs do not change.
The electricity system is still carbon intensive in the NDC case and dependent upon
coal and gas during the period up to 2030. Therefore, if the NDC goals are not ratcheted up
until 2030, then meeting the 2oC target will require a net CO2 (GHG) mitigation rate between
2030 and 2050 of 6.1% (2.6%) a year. Van Soest et al. (2017) see reductions of 6.4% (4.7%)
over this period, with larger reduction rates in overall GHGs. This is potentially because of
differing technological assumptions and also the ability of their modelling approach to capture
non-CO2 GHGs and land use change and forestry sector emissions reductions in a
comprehensive manner. Earlier action from 2020 onwards would require a lower, yet still
substantial, yearly rate of reduction of 3.5% (1.6%). Based on historical estimates these may
be more plausible as Riahi et al. (2013) find that sustained reductions in CO2 emissions have
occurred in some regions in the past – although most of these were during recessions. However,
history may not be the best predictor of rates of change for future emissions as the
substitutability of low-carbon technologies, at scale, is a relatively new phenomenon.
Therefore, attention to sensitivity of low-carbon costs and their ability to penetrate and
integrate into the energy system is needed (See Supplementary Information for more on
renewable cost uncertainty). In terms of fossil fuel electricity generation, it is unlikely in reality
we will encounter the types of large reductions in coal generation by 2030 as in the various
modelled scenarios to achieve the Paris Agreement goals, and this finding suggests that delay
is perhaps even more problematic.

In reality, the lack of availability of other technologies not yet at scale e.g. Bioenergy
with carbon capture and storage (BECCS), electric vehicles (EVs), industrial CCS etc., in a
meaningful time frame may well make the achievement of continued rates of reduction
throughout the century a challenge. In addition, without such negative emission technologies,
it is likely that demand change and behavioural aspects will become even more significant in
our ability to achieve long-term climate goals, and these must be better incorporated into
analyses (van Vuuren et al, 2018; Grubler et al, 2018). We do not incorporate behaviour change
or societal preferences in our modelling work here and therefore further exploration of
sensitivities around energy demands is required in future. There are other real-world aspects,
not captured here, which may affect the ability to achieve the modelled transitions. For
instance, our modelling approach does not consider effects of policy and decision-making
(Nerini, et al. 2017; Heuberger et al. 2018) which can add to lock-in and inertia in the system
and higher costs. On the other hand, our analysis does not include climate damages and as such
we only consider an assessment of the mitigation costs which may be offset, partially or wholly,
later in the second half of the century, as in Admiraal et al (2016) where the discount rate
applied determines whether delayed action has net benefits (avoided damages minus mitigation
cost). Literature suggests early, stringent mitigation can help avoid significant parts of the
climate impacts in the second half of the century (Warren et al, 2013; Moore and Diaz, 2015).
This analysis would be strengthened if we were able to compare the 0.5% cumulative GDP loss
of 2DS-TECH against the cumulative climate damages of a 3.3oC world. Future work will
consider including aspects of climate damages, an exploration of demand change, and
consideration of myopic decision-making into our global modelling framework, alongside their
implications on computational resource.

Conclusions
Our analysis provides a modelling assessment of meeting the NDCs and the Paris Agreement’s
2oC target. Our modelling of the current NDC ambition leads to a 3.3oC temperature increase
by the end of the century. We use this as a baseline to compare the necessary action to reach
2oC while considering the impacts of delayed action and accelerated technology impacts on the
energy system and the economy. Rates of emissions reductions are significantly higher when
ratcheting up action is delayed by ten years until 2030. In this instance, global net CO2
emissions are required to fall around double the annual rate between 2030 and 2050 as would
otherwise be the case to achieve 2oC.
Immediate action from 2020 to achieve the 2oC target results in a strong global
economic growth rate in 2050 of 2.6%, compared to 2.7% in the NDC baseline, which equates
to a total global GDP level in 2050 that is around 4% lower than under the NDC baseline. Thus
strong climate ambition is shown under these circumstances to be fully consistent with robust,
sustained global economic growth, although the economic impacts differ significantly by
region.
Delaying increased action until 2030 in our analysis sees the rate of global economic
growth slow beyond 2030, resulting in a global GDP that is 1.6% lower in 2050 than the
optimal 2oC pathway from 2020, and 5.6% lower than the NDC baseline. Beyond 2050, these
negative impacts continue and the difference in economic costs between 2DS and DA2030
increases over time. Cumulative global GDP is lowest overall when action is delayed;
therefore, taking stronger action now is vitally important to reduce the costs of meeting the
Paris targets.
Importantly, however, a key conclusion from our analysis is that robust mitigation
ambition towards the 2oC target starting now, combined with accelerated low-carbon
technological innovation, can both mitigate climate change as envisaged in the Paris

Agreement, and achieve strong long-term global economic growth rates, but with lower
damages from increased global temperatures.
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i

Previously these were Intended Nationally Determined Contributions (INDCs). The INDCs are now referred to
simply as NDCs for those countries that have ratified the Paris Agreement. The terms can be considered
interchangeably in this paper.
ii
An unconditional NDC refers to a voluntary commitment made by a party that will be undertaken regardless of
the action of any other party or any financial support provided. A conditional NDC refers to commitments made
by a party which are dependent upon the action of other parties in order for them to take stronger action e.g.
financial support or an action by another party. A single party may provide both a conditional and unconditional
NDC. For instance, Nigeria has a 20% unconditional target and a 45% conditional target set against baseline
emissions in 2030.
iii
There are limitations of employing perfect foresight in the analysis as in practice decisions are often made in a
myopic manner over shorter time-frames which can result in considerably higher costs (Nerini et al, 2017;
Heuberger et al, 2018).
iv
As the scenario results for DA2030 are fixed to the NDC baseline until 2030 this can be considered similar to a
myopic instance where decisions can only be taken post-2030
v
Obviously these are model scenarios and may not represent reality, such as the impacts of cheaper renewables
where cost reductions are moving faster than expected (IRENA (2018)).

